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Introduction
Gender is a major factor that impacts susceptibility to alcoholic liver disease (ALD); epidemiologic studies suggest that for any given level of alcohol consumption women have a higher likelihood of developing liver cirrhosis than men (Pares et al., 1986) . Additionally, liver injury progresses faster in women with alcoholic hepatitis who stop or reduce drinking (Pares et al., 1986) . Several theories have been proposed to explain this disparity based on gender differences in ethanol (EtOH) pharmacokinetics, estrogen levels, and alcohol elimination rates (Sato et al., 2001) .
Ethanol is metabolized predominantly in the liver by enzymes located in different subcellular compartments of the hepatocyte (Zakhari and Li, 2007) . Alcohol dehydrogenase (ADH), a cytosolic NAD + -dependent enzyme, is the main enzyme that catalyzes the conversion of EtOH to acetaldehyde, a potent toxicant that accounts for most of the toxic effects of EtOH (Zakhari and Li, 2007) . Acetaldehyde produced from
EtOH is further converted to the nontoxic acetate by a mitochondrial aldehyde dehydrogenase (ALDH or Aldh) (Zakhari and Li, 2007) . In addition to ADH, the endoplasmic reticulum enzyme cytochrome P450 2E1 (CYP2E1), which is induced by EtOH can metabolize EtOH to acetaldehyde at high alcohol doses (Zakhari and Li, 2007) . Catalase, located in the peroxisomes, is also capable of oxidizing EtOH to acetaldehyde (Zakhari and Li, 2007) .
The effect of gender on ADH and ALDH activity is controversial. Pharmacokinetic studies revealed that women have lower levels of gastric and hepatic ADH, resulting in increased blood alcohol levels and EtOH toxicity (Chrostek et al., 2003; Frezza et al., 1990 ). However, Maly and Sasse (1991) , found that hepatic ADH activity is enhanced
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in women (Maly and Sasse, 1991) . While only minor variations in ALDH activity between men and women have been reported, ALDH activity is higher in male hamsters than females (Chrostek et al., 2003; Lee et al., 2001; Maly and Sasse, 1991) .
We have previously shown that nuclear receptors, a class of intracellular transcription factors activated by ligands are involved in the pathogenesis of ALD (Gyamfi et al., 2008; Gyamfi et al., 2006) . Notably, the nuclear hormone receptor pregnane X receptor [PXR; NR1I2) expressed primarily in the liver and intestine, was originally characterized as a xenobiotic receptor important for defense against toxic agents and for eliminating drugs and other xenobiotics (Kliewer et al., 2002) .
Interestingly, PXR activation induces hepatic triglyceride accumulation, a characteristic feature of ALD, suggesting the possibility that PXR is associated with ALD pathogenesis (Zhou et al., 2006) . However, it is not known whether PXR is involved in the gender dimorphism of EtOH hepatotoxicity.
Due to differences between the mouse and human ligand binding domain (LBD) sequences, species-specific responses to ligand activation of human and mouse PXR have been reported (Lehmann et al., 1998) . Thus, some chemical ligands like rifampicin and rifaximin that activate human PXR usually have little effect on the mouse form of this receptor and vice versa (Ma et al., 2007a; Ma et al., 2007b) . To this end, PXR-humanized (hPXR) transgenic mice were developed to provide a more valid in vivo model of human xenobiotic responses (Ma et al., 2007a) . Interestingly, recent reports indicate that transgenic mice expressing the human PXR gene are more prone to high-fat diet (HFD)-induced hyperglycemia in both genders compared to their respective wild-type (WT) counterparts (Spruiell et al., 2014a; Spruiell et al., 2014b) .
Further, HFD-fed hPXR females express lower basal protein levels of both hepatic and white adipose tissue (WAT) estrogen receptor α (ERα) (Spruiell et al., 2014a) . Given that higher estrogen levels and/or signaling in women have been implicated in EtOHinduced liver injury, we reasoned that the human PXR gene may play a role in sex differences in EtOH-induced liver injury (Eagon, 2010) .
Most rodent studies investigating sex-specific differences in EtOH hepatotoxicity have used the chronic EtOH ingestion model (Colantoni et al., 2002; Kono et al., 2000; Nanji et al., 2001; Ronis et al., 2004) . In comparison, relatively few studies have investigated the effects of acute EtOH exposure on hepatotoxicity in male and female mice (Wagnerberger et al., 2013) . While some studies have addressed gender dimorphisms in EtOH hepatotoxicity using rodents, extrapolation of the results to humans can be difficult. In this study, binge EtOH was administered to male and female hPXR mice revealing that the basal protein expression levels of both ADH1 and ALDH2 are higher in the liver of female hPXR mice. As a result, female hPXR mice eliminate EtOH more effectively than their male counterparts, thereby mitigating acute EtOH hepatotoxicity. Serum ALT and AST activity were determined using the Cholestech LDX analyzer (Cholestech Corporation, Hayward, CA) as reported previously (Spruiell et al., 2014a; Spruiell et al., 2014b) . Serum triglyceride and NEFA levels were quantified using a
Triglyceride and NEFA-HR (2) test kits (Wako Pure Chemical Industries, Richmond, VA).
Determination of serum alcohol concentration. Blood samples were collected after three doses of binge EtOH administration and centrifuged at 3000 rpm for 15 min to collect serum for blood EtOH concentration (BEC). In a separate study, male and female hPXR mice were administered a single dose of 50% (vol/vol) EtOH (4.5 g/kg) by gastric intubation after overnight starvation. Mice (n = 4-5) were sacrificed 1, 2, 4, 6 and 8 h after EtOH administration and blood samples were collected to prepare serum. The
EtOH L3K assay kit for quantitative measurement of EtOH concentration (Sekisui Diagnostics P.E.I Inc, Charlottetown, Canada) was used according to the manufacturer's instructions as reported previously (Perides et al., 2005) . The reaction is based on the enzymatic conversion of EtOH by ADH to acetaldehyde and NADH. EtOH concentration in the serum was quantified as the rate of increase in NADH absorbance due to the reduction of NAD + at 340 nm.
Hepatic triglyceride and cholesterol levels. Total liver lipids were extracted from 100 mg of liver homogenate using methanol and chloroform as previously described (Gyamfi et al., 2008) . Hepatic triglyceride and cholesterol levels were quantified using Triglyceride and Cholesterol test kits (Wako Pure Chemical Industries, Richmond, VA). Proteins were visualized using enhanced chemiluminescence and band intensity was quantified using ImageJ software (U. S. National Institutes of Health, Bethesda, MD).
Measurements of lipid peroxidation (LPO) in liver tissues.
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The cDNA was then diluted 20-fold with water and and subjected to real-time City, CA) as previously described (Gyamfi et al., 2008) . Results were presented as levels of expression relative to that of controls after normalizing with Gapdh mRNA using the comparative CT method.
Statistical Analysis. Data are presented as means ± SEM (n = 8-9). Statistical analysis was performed using one-way ANOVA followed by Tukey HSD post-hoc test. A P value This article has not been copyedited and formatted. The final version may differ from this version. 
Results
EtOH induces lipid accumulation in both male and female hPXR mice
Body and liver weights were significantly higher in male hPXR mice than hPXR females; however, binge EtOH ingestion had no effect on either body, liver weight or liver-to-body weight ratios of either sex ( Fig. 1a-c ).
H & E staining revealed that hepatic lipid droplets in the control-fed mice of both genders were less abundant than their EtOH-fed counterparts (Fig. 2a) . Furthermore, EtOH-induced accumulation of lipid droplets correlated with increased hepatic triglyceride levels in both male and female hPXR mice ( Fig. 2a and 2b ). However, EtOH treatment did not significantly impact hepatic cholesterol levels in either male or female hPXR mice ( Fig. 2c) . Furthermore, neither serum triglycerides nor NEFA levels differed between genders or treatments ( Fig. 2d and 2e ).
Ethanol ingestion upregulates hepatic estrogen receptor α (ERα) and its target gene cyclin D1 in both male and female hPXR mice
In humans and in rodents, EtOH ingestion was found to alter circulating sex steroid levels and increase hepatic estrogen receptor (ER) expression in males (Colantoni et al., 2002) . Furthermore, a link between 1) gender dependent recovery from liver injury, and 2) upregulation of cell cycle genes including the ERα target gene, cyclin D1 and the cell proliferation marker, PCNA, was observed (Balasenthil et al., 2004; Wang et al., 2013b) . Furthermore, MAPKs have been implicated in EtOH-induced cyclin D1 expression, cell cycle inhibition, and cell survival (Stepniak et al., 2006) . To investigate the effect of sex steroid levels in male and female hPXR mice on gender This article has not been copyedited and formatted. The final version may differ from this version.
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at ASPET Journals on September 13, 2017 jpet.aspetjournals.org Downloaded from differences in ALD, we used Western blot analysis to determine hepatic levels of ERα, cyclin D1, PCNA and two MAPK family members ERK and p38 and their activated phosphorylated forms. As expected, the basal hepatic protein levels of ERα were higher in control female hPXR mice compared to their male counterparts (Fig. 3a) . EtOH ingestion induced hepatic expression of ERα protein in male hPXR mice (Fig. 3a) .
Hepatic ERα protein levels were also enhanced 3.5-fold in female hPXR mice by EtOH ingestion (Fig. 3a) . Similarly, basal hepatic protein levels of the ERα target gene cyclin D1 ( Fig. 3b ) and PCNA ( Fig. 3c ) involved in liver regeneration were significantly higher 2.5-and 2.1-fold, respectively, in female hPXR mice than hPXR males ( Fig. 3b and c) (Balasenthil et al., 2004) . EtOH significantly increased cyclin D1 protein levels in both male (2.2-fold) and female hPXR (1.3-fold) mice ( Fig. 3b and 3c ). Cyclin D1 levels were subject to modest upregulation by binge EtOH treatment in males and females, whereas PCNA levels were not ( Fig. 3b and 3c ). EtOH did not significantly alter hepatic ERK1/2 and p38 protein expression ( Fig. 3d and e). However, EtOH ingestion inhibited ERK1/2 activation in the livers of male and female hPXR mice by 71% and 53%, respectively, in comparison to their untreated controls (Fig. 3d) . Furthermore, EtOH also suppressed p38 activation in both male hPXR by 81% and female hPXR mice by 69% (Fig 3e) .
Ethanol effect on hepatic lipid synthesis, uptake, and oxidation genes are more pronounced in female hPXR mice than males.
There are several regulators of hepatic lipid synthesis, metabolism, oxidation, storage and transport. PPARs are ligand-activated transcription factors that primarily
regulate genes involved in lipid metabolism; PPAR isoforms varies in fatty livers
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at ASPET Journals on September 13, 2017 jpet.aspetjournals.org Downloaded from (Memon et al., 2000) . SREBP-1c, a transcription factor known to play important role in de novo fatty acid and triglyceride synthesis may also contribute to lipid accumulation in the liver (Horton et al., 2002) . PEMT is the only enzyme in liver that converts phosphatidylethanolamine into phosphatidylcholine, a process that is required for very low density lipoprotein (VLDL) assembly and lipid export from hepatocytes (Vance, 2014) . Furthermore, PEMT deficiency or inhibition promotes steatosis and liver damage (Vance, 2014) . Because acute EtOH exposure resulted in increased lipid accumulation in both genders ( Fig. 2a and 2b) , changes in the expression of these regulatory factors and their target genes were explored. Basal hepatic Pparα mRNA levels were comparable between control male and female hPXR mice (Fig. 4a ). EtOH decreased Pparα mRNA levels in both male and female hPXR mice; however, the decrease was not statistically significant compared to their respective controls (Fig. 4a) .
Similarly, basal Cpt-1 and Acox-1 mRNA levels did not vary between the two hPXR genders and their mRNA levels were not different after EtOH treatment (Fig. 4a) . While constitutive Lfabp-1 mRNA levels did not vary between the two hPXR genders and EtOH did not have any significant effects on Lfabp-1 mRNA levels in male hPXR mice, EtOH induced a 1.5-fold increase in Lfabp-1 mRNA levels in female hPXR mice (Fig.   4a ). Similarly, constitutive Mttp mRNA levels did not differ between male and female hPXR mice whereas EtOH significantly induced the Mttp gene 1.7-fold only in female hPXR mice (Fig. 4a) but increased Acc-1α mRNA levels 1.6-fold in female hPXR mice (Fig. 4b) . Fas mRNA was the only gene to be upregulated by EtOH in male hPXR mice (1.6-fold), but this increase did not reach statistical significance and merely matched basal Fas mRNA levels in control hPXR females (Fig. 4b) . In contrast, EtOH significantly increased Fas mRNA levels (1.9-fold) in female hPXR mice (Fig. 4b) . Unexpectedly, EtOH ingestion significantly decreased Scd-1 mRNA levels (64%) in female hPXR mice, but not in male hPXR mice (Fig. 4b) . Basal hepatic Pparγ mRNA levels did not vary between male and female hPXR mice treated with saline, even though basal mRNA levels of the Pparγ downstream target Cd36 were 2.7-fold higher in female hPXR mice compared to male hPXR mice ( Fig. 4c ) (Tontonoz et al., 1998) . While EtOH ingestion did not significantly affect Pparγ and Cd36 mRNA levels in male hPXR mice, it induced an increase in hepatic Pparγ and Cd36 expression by 1.5-and 1.8-fold, respectively, in hPXR females (Fig. 4c) . In contrast, hepatic Pemt mRNA levels did not vary significantly between male and female hPXR control mice and between control and EtOH treated hPXR females (Fig. 4d) . Pemt gene expression was suppressed by EtOH (47%) in male hPXR mice.
Ethanol-induced hepatotoxicity is greater in male hPXR mice
Serum ALT and AST activities were measured as indices of hepatocyte/organ injury.
EtOH increased both ALT and AST levels in male hPXR mice by 1.8-and 2.1-fold, respectively ( Fig. 5a and 5b) and in female mice by 1.6-fold and 1.5-fold, respectively ( Fig. 5a and 5b) . However, the increases in ALT and AST activity in females were not statistically significant, suggesting that EtOH-induced hepatotoxicity is more severe in male hPXR mice ( Fig. 5a and 5b) . LPO, an early biochemical feature of EtOH toxicity and a major indicator of oxidative stress was quantified by measuring the thiobarbituric acid-reactive product, MDA. Levels of MDA were significantly increased by EtOH only in the livers of male hPXR (7.3-fold) mice (Fig. 5c) . Moreover, EtOH induced increases in MDA levels were significantly higher in hPXR males compared to EtOH-fed hPXR females (Fig. 5c) . Expression of hepatic endoplasmic reticulum stress markers phospho-elF2α and GRP78 was also upregulated 11.1 and 1.4-fold, respectively, in
EtOH-treated vs. control males ( Fig. 5d and 5e ). Phospho-elF2α protein levels were elevated in the livers of control fed female hPXR mice by 2.6-fold compared to their male counterparts (Fig. 5d) . Intriguingly, EtOH exposure elevated hepatic phosphoelF2α protein levels (4.3-fold) but not GRP78 in hPXR females ( Fig. 5d and 5e ). Hepatic protein levels of active caspase 12, the endoplasmic reticulum stress-specific caspase, was increased only in EtOH-fed hPXR males (2.5-fold) and this increase was higher than in EtOH-fed female hPXR mice (Fig. 5f ).
Basal ADH and ALDH2 protein but not gene expression is greater in female hPXR mice
Alcohol metabolism is considered a major factor in alcohol-related liver damage (Ronis et al., 2010; Zakhari and Li, 2007) . The hepatotoxicity data ( Fig. 5a and 5b) prompted further examination of ADH, ALDH2, catalase, CYP2E1, and CYP3A enzymes known to be involved in EtOH metabolism in male and female hPXR mice (Zakhari and Li, 2007) . The basal hepatic Adh1 (class1 Adh) mRNA levels did not vary significantly between genders or treatments (Fig. 6a) . However, constitutive Adh4 (class II Adh) mRNA levels tended to be lower in female hPXR mice (59%) compared to control male hPXR mice, but the difference was not statistically significant (P = 0.052) (Fig. 6b) .
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While EtOH did not have any significant effects on Adh4 mRNA levels in female hPXR mice, it significantly decreased the levels in male hPXR mice (54%) compared to control males (Fig. 6b) . The hepatic Adh5 (class III Adh) mRNA levels did not vary significantly between male and female hPXR control mice (Fig. 6c) . While EtOH treatment did not alter hepatic Adh5 mRNA levels in female hPXR mice, it tended to inhibit Adh5 gene expression in male hPXR mice (Fig. 6c) . In contrast, the basal mRNA levels of Aldh2 were somewhat (133%) but not significantly higher in female hPXR mice compared to hPXR males (Fig. 6d) . EtOH treatment significantly decreased Aldh2 mRNA levels only in female hPXR mice (Fig. 6d) . Unexpectedly, immunoblot analysis indicated a dramatic increase in basal hepatic ADH1 protein in female hPXR (4.3-fold) compared to male hPXR mice (Fig. 7a) , even though, mRNA levels did not change significantly (Fig. 6a) .
EtOH ingestion did not affect hepatic ADH1 protein expression in male hPXR mice, however, it inhibited ADH1 protein levels somewhat in female hPXR mice compared to control hPXR females (Fig. 7a) . Furthermore, after EtOH treatment, hepatic ADH1
protein levels in female hPXR mice were significantly higher than in EtOH-fed males (Fig. 7a) . Similarly, while the mRNA levels did not vary, like ADH1, the basal hepatic ALDH2 protein levels were significantly higher in female hPXR mice (3.0-fold) than in males (Fig. 7b ). Also as with ADH1, ALDH2 protein levels were not altered by EtOH treatment in male hPXR mice (Fig. 7b) . In contrast, EtOH treatment inhibited ALDH2
protein levels by 37% in female hPXR mice compared to controls consistent with the EtOH inhibition of mRNA expression of this gene ( Fig. 6d and 7b ). Even so, ALDH2
protein levels in EtOH-treated females remained about 1.5-fold higher than in EtOH-fed males (Fig. 7b) . By contrast, basal hepatic catalase protein levels did not vary between This article has not been copyedited and formatted. The final version may differ from this version.
at ASPET Journals on September 13, 2017 jpet.aspetjournals.org Downloaded from male and female hPXR mice or between saline and EtOH treatments (Fig. 7c) . CYP2E1
( Fig. 7d) and CYP3A11 (Fig. 7e) protein expression in the liver did not differ between control male and female mice. However, CYP2E1 but not CYP3A11 protein expression was upregulated (2.0-fold) by EtOH treatment in both male and female hPXR mice (Fig.   7d ).
Female hPXR mice eliminate blood EtOH more efficiently than males
To determine the impact on EtOH metabolism of elevated levels of ADH1 and ALDH2 protein expression observed in female hPXR mice ( Fig. 7a and 7b ), residual concentrations of EtOH were measured after administration of three doses of binge EtOH. Elevated levels of alcohol metabolizing enzymes in female hPXR mice resulted in lower BEC in EtOH-fed females compared to EtOH-fed hPXR males (Fig. 8a ). Gender differences in EtOH oxidation in the gut, or "first-pass" metabolism by gastric ADH may explain the sex-related differences in alcohol bioavailability and toxicity (DiPadova et al., 1987) . Fasting eliminates "first-pass" metabolism and diminishes the contribution of gastric ADH to EtOH oxidation (DiPadova et al., 1987) . Therefore, to study the impact of the high hepatic ADH1 protein levels in female hPXR mice, EtOH elimination rates were determined in fasting hPXR mice, after a single dose of EtOH by gastric intubation.
BECs were measured at various time points. While BECs remained high in both male and female hPXR mice up to 4 hours after EtOH challenge, female hPXR mice were able to clear blood EtOH more efficiently than males by 6 hours, and by 8 hours BEC was virtually eliminated in females (Fig. 8b) .
This article has not been copyedited and formatted. The final version may differ from this version. We first determined the basal gene and protein expression levels of ADH1, the major enzyme responsible for EtOH catabolism, and the ADH4 and ADH5 isoforms active at high EtOH concentrations (Zakhari and Li, 2007 ). In the current study, basal expressed in female rodents and women (Aasmoe and Aarbakke, 1999; Harada et al., 1998; Kishimoto et al., 2002; Maly and Sasse, 1991) .
Variations in EtOH metabolizing enzyme expression and activity not only influence EtOH metabolism, but also EtOH clearance and EtOH-induced liver injury (Gyamfi et al., 2008; Gyamfi et al., 2006; Zakhari and Li, 2007) . Besides ADH1, the basal hepatic protein levels of ALDH2 were also upregulated in female hPXR mice suggesting that this metabolic pathway converting EtOH to acetate via acetaldehyde is more efficient in female hPXR animals. Correspondingly, measurements of BEC, the EtOH concentration in the blood after metabolism of consumed EtOH in hPXR males and females treated with or without binge EtOH were lower in females relative to males.
Consistent with this, pharmacological activation of ALDH2 reversed alcoholic steatosis and apoptosis through accelerating acetaldehyde clearance, suggesting that higher ALDH2 levels in hPXR females may provide enhanced protection against alcohol hepatotoxicity (Zhong et al., 2015) .
EtOH metabolism and elimination may vary depending on gender, age, body weight, stomach content, and medication use (Jones and Sternebring, 1992) . Gastric ADH activity is higher in males than in females likely resulting in differences in first pass EtOH metabolism and BEC (Frezza et al., 1990 ). With evidence that shows fasting increases EtOH absorption and eliminates the contribution of gastric ADH to BEC, a fasting model was employed to focus exclusively on the role of hepatic ADH and other EtOH detoxifying enzymes in the liver (DiPadova et al., 1987) . While peak BEC levels were similar between fasting male and female hPXR mice after a single EtOH dose, the rate of EtOH elimination was enhanced in female hPXR mice compared to males.
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Similarly, serum EtOH levels were lower in female C3H/HeNCrj (C3H/He) mice after acute EtOH administration, with females exhibiting enhanced ADH and ALDH activity (Kishimoto et al., 2002) . The phenomenon that women metabolize EtOH more rapidly than men has also been observed consistently in human subjects (Jones, 2010; Mishra et al., 1989) . The similarity in EtOH elimination between our hPXR mice and humans suggest that hPXR mice may be an appropriate model to further explore the effect of gender, EtOH concentration, and hepatic metabolic capacity on EtOH catabolism.
Estrogen and its receptors impacts the gender differences we observed in EtOH metabolism in hPXR mice, either directly or indirectly. First, ADH is hormonally, nutritionally, and developmentally regulated (Boleda et al., 1992; Rao et al., 1997) . The emergence of gender differences in ADH activity coincide with sexual development: a relative increase in ADH activity in females is not detected until the sixth week of age, the age at which rodents reach sexual maturity, and remains elevated thereafter (Rao et al., 1997) . Second, estrogen increases hepatic ADH activity, while testosterone decreases it (Harada et al., 1998; Rachamin et al., 1980) . Similar, to ADH, estrogen also increases mitochondrial ALDH activity, consistent with the sexual dimorphism in both ADH and ALDH expression seen in hPXR females in the current study (Kishimoto et al., 2002) . Third, in humans and in Sprague/Dawley rats, EtOH ingestion leads to increased ER expression in males not females. (Colantoni et al., 2002) . Curiously, we observed an increase in hepatic ERα protein levels not only in EtOH-fed male hPXR mice, but also their female counterparts, unlike the rat model where ERα levels in females did not increase significantly upon chronic EtOH exposure (Colantoni et al., 2002) . Taken together, our data suggests that a functional relationship exists between the human reporter system by the organochlorine insecticide chlordecone (Lee et al., 2008) .
Earlier studies indicate that feminization of the liver protects males but not females against EtOH-induced liver injury (Colantoni et al., 2002) . In contrast, we found a significant increase in levels of two markers of liver damage, ALT and AST in EtOHfed hPXR males, whereas females showed only a modest (statistically insignificant) increase in serum ALT and AST levels. Thus, male hPXR mice appear to be more susceptible to acute EtOH-induced hepatotoxicity than hPXR females contrary to previous findings in female mice were more prone to acute EtOH-induced steatosis (Wagnerberger et al., 2013) . However, similar to our hepatotoxicity results, serum ALT levels were significantly increased only in male C57BL/6J mice, but not females, after acute EtOH (6 g/kg) administration (Wagnerberger et al., 2013) . CYP2E1 activity is induced after EtOH exposure and has been implicated as the source of oxidative stress, which further exacerbates liver injury (Zakhari and Li, 2007 ). In the current study, CYP2E1 was induced about 2-fold by EtOH in livers of both male and female hPXR mice, however, LPO, a marker of oxidative stress was significantly increased in EtOHfed hPXR males, but not in hPXR females. Consistent with an increase in the serum levels of liver damage markers ALT and AST in EtOH-fed male hPXR mice, endoplasmic reticulum stress markers Caspase 12, GRP78 and phospho-elF2α protein levels were higher in male hPXR mice than in females (Dara et al., 2011) .
Compensatory tissue repair also influences the final outcome of hepatotoxicity
at ASPET Journals on September 13, 2017 jpet.aspetjournals.org Downloaded from (Chanda and Mehendale, 1996) . Cyclin D1 signals hepatocyte commitment to division and liver regeneration (Apte et al., 2004) . p38 MAPK regulates cyclin D1 expression (Stepniak et al., 2006 ). In the current study, basal levels and EtOH-induced upregulation of regenerative cyclin D1 were elevated in female hPXR mice. However, while cyclin D1 was upregulated by EtOH in male hPXR mice, the cell proliferation marker, PCNA was not, even though hepatic PCNA protein levels were elevated in control and EtOH-treated hPXR females, consistent with the possibility of increased DNA repair after liver damage as reported by others (Essers et al., 2005) . It is possible that the suppression of p38 and ERK activation by EtOH in both male and female hPXR mice was involved in D1 upregulation seen in the current study as previously reported (Stepniak et al., 2006) .
A surprising observation of the current study was that while EtOH-induced steatosis and triglyceride accumulation were observed in both genders, the effect of EtOH on hepatic genes involved in lipid metabolism was strongly influenced by gender.
Importantly, mRNA levels of Lfabp-1 (involved in the uptake of fatty acids and fatty acid oxidation) and Mttp (involved in the assembly and secretion of VLDL from hepatocytes)
were induced by EtOH only in hPXR females (Desvergne et al., 1998; Letteron et al., 2003) . Moreover, EtOH also induced genes involved in lipid synthesis and uptake, including Acc-1α, Fas, Pparγ, and Cd36, but did not affect levels of Srebp-1c in female hPXR mice. While male hPXR were resistant to EtOH-induced modulation of genes involved in fatty acid synthesis, uptake, and oxidation, they were more prone to inhibition of the phosphatidylcholine biosynthesis enzyme PEMT, which may lead to decreased VLDL formation and steatosis as seen in the hPXR males. Considered
JPET Fast Forward. Published on July 9, 2015 as DOI: 10.1124 at ASPET Journals on September 13, 2017 jpet.aspetjournals.org Downloaded from together, the current results suggest different mechanisms for EtOH-induced steatosis in male and female hPXR mice; while EtOH-induced inhibition of Pemt gene expression is the major mechanism for steatosis in males, upregulation of fatty acid synthesis and uptake genes may account for steatosis in females. Our data provide evidence for the contribution of the human PXR gene to sexual dimorphism of lipid metabolism in response to EtOH ingestion. However, the detailed mechanisms remain to be determined.
In conclusion, the present results demonstrate gender differences in EtOHinduced expression of lipid metabolic genes, EtOH elimination and hepatotoxicity. Data represent mean ± SEM (n = 5-6).
# P < 0.05 between male and female mice treated with saline (control) and EtOH. 
